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Potential Applications of Digital Pathology and Image 
Analysis for Forensic Pathology

Bruce P. Levy MD, Jason D. Hipp MD, Ulysses J. Balis MD, Yukako Yagi PhD

ABSTRACT:  The  analysis  of  digital   images  using  computer  algorithms  to  mine  digital  data  

However,  despite  the  clear  value  of  image  analysis  to  forensics,  there  is  little  research  and  no  

This  paper  demonstrates  the  technique  of  Spatially  Invariant  Vector  Quantization  (SIVQ)  in  

user  merely  points  and  clicks  to  the  feature  of  interest  and  SIVQ  searches  the  entire  image  

Gross  forensic  images  from  gunshot  wounds,  burns  and  patterned  contusions  were  analyzed  

was  able  to  detect  both  the  gunshot  wound  and  its  marginal  abrasion,  calculate  the  surface  
area  of  a  gunshot  wound  defect,  distinguish  between  a   thermal  burn  and   the  surrounding  
areas  of  healing,  analyze  a  patterned  contusion,  and  both  identify  and  calculate  the  density  

Even  though  the  work  is  preliminary,  it  is  obvious  from  these  few  examples  that  SIVQ  is  eas-

done  to  fully  explore  the  potential  for  this  application  of  technology  to  the  practice  of  forensic  
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INTRODUCTION

The use of digital imaging has become prevalent 
in the practice of forensic pathology. A digital 
camera converts a visual (analog) image into a 

-

their evaluation and diagnosis of the cause and 
-

-

of the forensic physician and add a quantitative 
component to analyzing these images.

-

5).

unsuitable for the heterogeneity of pattern match-
ing in the diagnostic setting. SIVQ differs from 
conventional VQ by utilizing a ring instead of a 
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SIVQ IMAGE ANALYSIS IN FORENSICS
ability to match a feature at various rotational 

because a ring is the only geometric structure in 
-

-

of points on a circle. Rotation of the ring through 

created for each angle. This ring vector then can 

 x, y coordinates. To account 

-

enables the forensic pathologist to interactively 

for exhaustive pattern recognition searching

While the use of SIVQ is still in the exploratory 

easily deployable format at this time; it has not 

easy to use format that requires approximately 

academic collaborations (and is currently being 
used by seven different institutions in the United 
States) to explore its utility and validation.

A limited amount of research has been performed 
on the applications of image analysis to foren-

image analysis of histologic sections rather than 
gross forensic images. Studies have been con-
ducted utilizing morphometric measurements of 

-

of lung sections in an attempt to determine deaths 
-

tion of macroscopic and microscopic quantita-

analysis of DNA degradation has been studied in 

-

prevalent in the practice of other areas of medi-

the use of this technology is largely absent from 

the practice of forensic pathology. Yet image 
-

-
-

analysis of gross forensic images can provide im-

burns and patterned contusions can be effectively 

quantitative data that may assist the forensic pa-
thologist.

METHODS

-
quired using a Canon® -

-

-

from an earlier case presentation by the lead au-
-

®

®

-
ed by the forensic pathologist from the images 

-

and/or gray scale images demonstrating the qual-

obtained. The surface area of features of interest 

iterative surface scanning algorithm exhaustively 
counted the number of painted pixels in the im-

-

easily calculate the surface area of a lesion; and 

surface area of similar lesions in subsequent im-
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RESULTS

Use Case #1, Gunshot Wound

for the gunshot defect and the abraded margin. 

-
gin. A heat map of the results demonstrating the 
quality of matches at each pixel location is dis-

-
-

the scale included in the image for calibration of 

. 
-

identify the defect and calculate its surface area 

.

A

B

Image 2:

Image 1:  Eccentric  distant   range  gun-

analysis   demonstrating   the   abrasion  

defect   and   calculated   its   area   to   be  

wound  analyzed  with   the  same  vector  
with  a  calculated  defect  surface  area  of  
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Use Case #2, Healing Burn

other for the scarred and heaped margins (blue). 

Use Case #3, Patterned Contusion

also studied. The digital image of the contusion 

-

and demonstrate its pattern.

Use Case #4, Stippling or Powder Tattooing

An image of an intermediate range gunshot 
-
-

ity of match results are displayed in a heat map in 
-

analyzed for stippling using the same vector that 
-

stippling and calculate that 5.44 mm

DISCUSSION

This pilot study demonstrates that Spatially In-

useful tool in the analysis of gross forensic im-

and measure the surface area of features in a va-

-

SIVQ is able to calculate the area of a gunshot 
defect by counting the total number of painted 

generated from the scale included in the image. 
At this time there is no standard area calculation 

Image 3: 

A

B

Image 4:
-

A

B
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study has demonstrated the accuracy and preci-
sion of SIVQ to calculate painted areas by this 

-
titative method to determine the density of stip-
pling surrounding close and intermediate range 

done in further evaluating gross forensic images 
using this method.

While this algorithm is being used by numerous 
-

-

use this tool for gross forensic image analysis. It 
has a simple graphical user interface and a point 

the number of concentric rings. No special com-

run on a standard personal computer. The vec-
tor can be saved and successfully reused to ana-

-
sic pathologist does not have to generate unique 
vectors for each image analysis study. A recent 
report demonstrates that the vector selection 

leading to automatic analysis of forensic images 

feature of interest. The SIVQ program is highly 

digital detail (pixels) for meaningful analysis 

images as part of their death investigation and 
examination of the body.

Could quantitative analysis of the density of 
stippling assist forensic pathologists to better 

-
mination of the caliber of ammunition that caused 

-

that SIVQ is able to analyze gross forensic imag-

data that forensic pathologists are capturing in 

modern technology into a time honored profes-
sion.
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